[Abstract] In this work, we study the antiferromagnetic (AFM) spin dynamics in heterostructures which consist of two kinds of AFM layers. Our micromagnetic simulations demonstrate that the AFM domain-wall (DW) can be driven by the other one (driven by field-like Né el spin-orbit torque, Phys. Rev. Lett. 117, 017202 (2016)) through the interface couplings. Furthermore, the two DWs detach from each other when the torque increases above a critical value. The critical field and the highest possible velocity of the DW depending on several factors are revealed and discussed. Bases on the calculated results, we propose a method to modulate efficiently the multi DWs in antiferromagnet, which definitely provides useful information for future AFM spintronics device design.
larger than velocity of typical ferromagnetic (FM) DW which is limited by the Walker breakdown. [9] [10] [11] [12] As a result, AFM spintronics is very promising in future storage devices, and several efficient methods of modulating AFM domains and driving DWs motion have been revealed. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Recent experiments revealed that an applied electrical current can induce the local staggered effective field (or field-like Né el spin-orbit torque, NSOT) 23, 24 in CuMnAs [25] [26] [27] and
Mn 2 Au 28 due to the spin-orbit effect and in turn modulates the orientation of the AFM moments. More interestingly, a high velocity ~ 10-100 km/s of the AFM DW motion driven by the NSOT has been predicted in theory. 13 Specifically, for an AFM DW under the staggered field B 1N /B 2N coupling to the spin m 1 /m 2 , the torque Γ 1N /Γ 2N is induced and cants m 1 /m 2 forward, as depicted in Fig. 1(a) . Subsequently, a rather large precession torque from the strong exchange interaction Γ p ex is generated due to the spin deviation, and drives the DW motion. Furthermore, AFM DW motion has also been theoretically predicted by several external stimuli including spin wave excitations, 7, 21 spin-orbit torques, 6, 19 temperature gradient, [15] [16] [17] and asymmetric field pulses. 14, 20 For example, it has been proven that the competition between the entropic torque and the Brownian force determines the AFM DW motion towards the hotter or colder region under an applied temperature gradient. [15] [16] [17] It is noted that one of the major challenges in future AFM spintronics applications is fast transport of multi AFM DWs for information storage. Thus, these proposed methods do provide important information for applications, while several shortcomings deserve to be overcome. For example, NSOT only arises in these AFM materials with particular crystal structures, which is not available in most of antiferromagnets. More importantly, NSOT drives the neighboring AFM DWs approach to each other and annihilates them, which strongly hiders its application in future device where efficient motions of multi DWs are indispensable.
For the other proposed driven methods, the drift velocities are not so large, and strict restrictions on the external stimuli are suggested. For example, our earlier work has demonstrated that considerable velocity of the AFM DW only can be obtained near the resonance frequency of the oscillation magnetic field in cooperation with a static field. 14 In addition, it has been proven in earlier work that the interplay between AFM and FM DWs in the FM-AFM double layers can shift the AFM DW, when the FM DW is driven by a spin current. 18 However, the velocity is also limited by the Walker breakdown. Thus, there is still an urgent need in searching for efficient methods of driving multi AFM DWs motion with a high speed.
Based on these earlier studies, we investigate the AFM dynamics in exchange coupled AFM1-AFM2 heterojunction in which the DW in AFM1 layers is driven by the NSOT, as simplistically depicted in Fig. 1(b) . We figure out that the AFM2 DW can be driven efficiently by the AFM1 DW through the interface coupling. Furthermore, the highest possible velocity of the AFM2 DW relevant to several factors has been clarified and detailed explained. Based on this property, we put forward a proposal for controlling multi-DWs in antiferromagnet.
In this work, the heterojunction system is considered to be a three-dimensional cuboidal lattice with the free boundary conditions applied in the x-, y-and z-axis directions. The model Hamiltonian can be given by AF1 AF2 inter
where
inter
where J AF1 /J AF2 is the antiferromagnetic exchange interaction between the nearest neighbors in AFM1/AFM2 layers, and J inter is the interface coupling between the nearest neighbors, m 
where γ is the gyromagnetic ratio, α = α 1 (α 2 ) is the Gilbert damping constant in AFM1 (AFM2) layers, and the internal field is due to the reduction of their mobility. Furthermore, the effects of J inter are also studied, and the corresponding results are presented in Fig. 4(b) . Both v c and the critical B N sharply increase as J inter increases, and then slowly increase for J inter > 0.5. Thus, it is suggested that v c is mainly determined by J AF2 for a rather large J inter .
As a matter of fact, biaxial anisotropy does exist in real materials and is believed to play an essential role in the current-induced orientation of the AFM order. 31 Thus, we also studied Fig. 1(a) ) is enhanced with the increase of the damping constant, which reduces the precession torque Γ p ex . As a result, the effects of B N are significantly suppressed, which speeds down the AFM DWs. Furthermore, the critical B N is increased, while v c significantly decreases with the increase of the damping constant, as shown in our simulations.
So far, it has been proven that the AFM2 DW can be efficiently driven by the AFM1 DW through the interface coupling, and the two DWs will be detached when B N increases above a critical value. As a matter of fact, these phenomena could be used in future AFM spintronics device design. For example, the bidirectional control of AFM2 multi DWs can be realized through elaborately modulating B N on the AFM1 layers. The proposed structure is shown in Fig. 5(a) in which the different domains (blue and red arrays in the top layer) are used to store information bits (0 or 1) and their lengths determine the bit numbers. Furthermore, the other AFM layer (bottom layer) with single DW under B N is used to be a driving bar. The multi DWs can be driven by alternately applying small and large B N , as depicted in the insert of Fig.   5 . Specifically, the first AFM2 DW can be driven by the driving DW under a small B N , and detaches with the driving DW (middle layer in the inset of Fig. 5 ) when B N increases above the critical value. Subsequently, a small B N is used to drive the motion of the second AFM2 DW. As a result, the multi DWs can be indirectly driven by the driving AFM DW, as shown in Fig. 5(b) . Then, The driving DW can shift back to the initial position by applying a large opposite B N as depicted in Fig. 5(c) . Moreover, the reverse motion of the multi DWs can be driven by the opposite B N through the inverse processes, and the picture is not shown here for brevity.
Up to now, there is an urgent need in modulating AFM multi DWs to provide useful information for practical applications. In this work, the AFM DW has been proven to be driven efficiently by the other AFM DW under the staggered field through the interface coupling in heterostructures. Furthermore, the highest possible velocity of the AFM DW relevant to several factors has been clarified and detailed explained. Finally, the control of multi DWs is proposed based on the detachment of the two DWs under the staggered field larger than the critical value. 
